In recent years, pollinosis has been considered a "national disease" with the big social problems in urban areas of Japan. In this study, the airborne behavior of cedar pollen in the Kanto plain of Japan was observed by a real time pollen automatic measuring instrument during the 2014 pollination season. For calculating cedar pollen source contribution, the backward trajectory analysis was used for calculating 72 hours of trajectories of air mass with the altitude of 500 m from the urban of Saitama city to different areas. It was found that cedar pollen grains transported to Saitama city were mainly derived from the forest of Gunma prefecture located on the north side of Saitama city and the forest of Kanagawa prefecture located on the south side of the city. Transportation of cedar pollen grains depends on the weather conditions, habitat density of cedar trees and transportation distance. The variations in daily pollen counts among different transporting times showed three pollen dispersal peaks observed in the morning, the day time and the night time, while these occurrence rates were different in each month. The peak pollen counts in the day time correlated positively with the daily maximum temperature. The highest pollen counts were observed in the night time within three pollen dispersal peaks. At the same time, the size-segregated allergenic particles were also collected using Andersen high-volume air samplers at the roadside of urban residential zones of Saitama city and on the 10th floor of the research building in Saitama University. Allergenic concentrations were measured by the surface plasmon resonance method with a Biacore J system. The highest airborne allergenic concentrations were observed in fine particles below 1.1 μm. Moreover, the forward trajectory analysis was used for calculating 72 hours of trajectories of air mass with the altitude of 500 m from different cedar pollen source areas including the rainfall events. It was suggested that not only cedar pollen grains but also its allergenic particles were transported from different cedar forests as the source areas.
Introduction
In keeping the urban activity of the cities, a large amount of fossil energy and resources are consumed. As the result, discharge of greenhouse gases has been caused by fossil energy utilization. Nowadays, one of the reducing solutions for global warming -biomass resource -has attracted a lot of attention for its sustainability and carbon neutrality. In Japan, the cedar (Cryptomeria japonica) tree is the most useful woody biomass, and its forests have covered nearly 18% of the total of Japanese national forests and 44% of the total artificial forests [1] . However, artificial cedar forests are left decontroled and less utilized due to the decrease of silviculture workers for forest management. Moreover, 30 year old cedar trees which have the maximum production of cedar pollen remain unutilized. This problem causes Japanese cedar pollinosis which has had its highest prevalence rate (26.5%) in Japan, from 2008 [2, 3] . Japanese cedar pollinosis not only causes a lowering in the quality of living level, but is also the main cause of "national disease" with the big social problems in urban areas of Japan. It has been reported that the declining labor productivity in urban residents in the Kanto plain of Japan had been caused by pollinosis [4] . In other words, sustainable city planning is related to forest management which is the balanced supply and demand of cedar trees for woody biomass in Japan. For utilizing cedar trees and countermeasure for its pollinosis, the main cedar pollen source area influencing an urban city should be identified. For those reasons, in this study, the airborne behavior of cedar pollen including the cedar pollen source contribution and its size-segregated allergenic concentrations in the urban area of Saitama city adjoining the north of Tokyo metropolitan area were investigated.
Materials and methods

Airborne cedar pollen observation in Kanto plain of Japan in 2014
In Japan, airborne pollen counts are typically measured by the Durham method. Airborne cedar pollen grains were collected gravimetrically by a glass coated fixed slide with petroleum jelly for 24 hours of sampling and counted using a microscope. The Durham method has been used for counting airborne pollen grains as a Japanese standard method up to now. However, it is considered that the method is not proper on airborne cedar pollen concentrations because it is only used for observation of pollen counts per square centimeter (counts/cm 2 ). Therefore, the observation of airborne pollen counts per unit volume (counts/m 3 ) is required. It accurately represents the degree of exposure effects on the human body respiratory system, such as Japanese environmental standards for suspended particulate matter (SPM) [5] . Recently, the real time pollen automatic measuring instruments (KH-3000-01, Yamatronics Co., Ltd., Japan) were installed by the Ministry of the Environment (MOE) of Japan used for the Japanese national forecast system for airborne pollen information known as "Hanakosan". Airborne cedar pollen information is provided in real time for public health and the reduction of pollinosis. This instrument introduces air (flow rate: 4.1 L/min) into a laser optical system which distinguishes pollen grains from other particles by forward and sideways-scattered light intensity and the number of pollen grains by the scattered light counter [6] . Real time pollen information is accessible on the MOE website and past observation data can be obtained [7] . The data of cedar pollen counts were observed at 7 sites such as Saitama city, Gunma prefecture, Tochigi prefecture, Ibaraki prefecture, Chiba prefecture, Kanagawa prefecture and Yamanashi prefecture located on the Kanto plain of Japan were included in this study which was carried out from February to April in 2014 ( Figure 1 ). 
Source contribution of cedar pollen grains
In order to investigate the main cedar pollen source of Kanto plain, source contribution was calculated using hourly cedar pollen count data during the 2014 pollination season. In this study, pollen dispersal peaks were also observed. The number of pollen dispersal peaks and total pollen counts of dispersal peaks were used for calculating the pollen source contribution. , it was also considered as a pollen dispersal peak because of the obvious increase in pollen counts before and after counting.
In the trajectory analysis, backward trajectories were used to show the path taken by air mass containing cedar pollen as they approached Saitama city. The backward trajectory analysis of 72 hours of trajectories of air mass with the altitude of 500 m was calculated from the urban area of Saitama city to different areas during pollen dispersal peaks observation. In contrast, forward trajectories were used to show where air mass containing cedar pollen travelled from the each cedar forest on the Kanto plain. The forward trajectory analysis was used for calculating 72 hours of trajectories of air mass with the altitude of 500 m from different cedar pollen source areas including the rainfall events. We calculated trajectories with the computer software of CGER-METEX (Meteorological Data Explorer) which was developed by the Center for Global Environmental Research (CGER) of the National Institute for Environmental Studies (NIES), Japan. METEX software can be downloaded from the website of NIES-CGER [8].
Meteorological data
Meteorological data was downloaded from Automated Meteorological Data Acquisition System (AMeDAS) observed by the Japan Meteorological Agency at 7 sites during the 2014 study period [9] . Temperature [°C], rainfall [mm], wind direction and wind speed [m/s] were considered as the measurement items in the system.
Measurement of airborne pollen and allergenic particles in Saitama city
In order to determine the airborne cedar pollen and its size-segregated allergenic concentrations in Saitama city, the roadside sampling site was selected near Japan national route 463 in the urban residential zone of Saitama city where the traffic density is around 25,000 vehicles per day [10] . At the same time, the general urban sampling site on 10th floor of the research building of Saitama University was also decided. From the roadside sampling, it may be possible to investigate both the influences of the exhaust gas emitted by automobiles and the re-scattering pollen grains and their allergenic particles by vehicle transportation. However, it is considered that the general urban sampling site on the 10th floor of the building is less influenced by automobile traffic. Daily airborne cedar pollen was collected by the Durham sampler (DK-1SA, Nishiseiki Co. Ltd., Japan) instead of KH-3000-01 in order to count deformation or denature cedar pollen grains. After 24 hours of sampling, for counting the cedar pollen grains, we firstly prepared Phöbus Blackly stain solution [11] , dropped it onto the glass slide samples and then the pollen grains were counted using a microscope and calculated pollen counts per square centimeter (pollen counts/cm 2 ). The sampling period was scheduled to be from 26th March to 24th April in 2014. At the same time, airborne allergenic particles were collected on the quartz fiber filters by an Andersen high-volume air sampler (AH-600, Shibata Scientific Technology Co. Ltd., Japan). This instrument collected the atmospheric suspended particulate matter equivalent to the human respiratory system as five size-segregated stages such as alveo: below 1.1 μm, bronchial branch: 1.1-2.0 μm, bronchium: 2.0-3.3 μm, pharynges and throat: 3.3-7.0 μm, mouth and nasal cavity: above 7.0 μm. The air flow of the sampler was 566 L/min. The filters were changed every 47 hours (26th-27th March and 28th-29th March) or every 167 hours (30th March-4th April, 5th-10th April, 11th-17th April, and 18th-24th April). Allergenic concentrations were measured by the surface plasmon resonance method with a Biacore J system described previously [11] [12] [13] . The filters collected from airborne particles were cut out and put into centrifuge tubes (polypropylene copolymer), followed by the addition of 2 mL of pollen extracting solution [12, 13] . After incubation of 24 hours at 4°C, the centrifuge tubes were followed by centrifugation at 6,000 rpm for 30 minutes at room temperature using the centrifuge (CN-1050, AS ONE Corp., Japan). The supernatants were collected and analyzed. Allergenic concentrations were measured by using the Cry j 1 polyclonal antibody (Anti-Cry j 1 rabbit IgG fraction, Hayashibara Co. Ltd., Japan) which was immobilized on a CM5 sensor chip (GE Healthcare Co. Ltd., Japan). Approximately 400 ng of antibody was immobilized on the chip. The regeneration and dissociation of the antigen-antibody complex reaction on the CM5 sensor chip were performed by 70 μL of pH 2.0 glycine-HCl (GE Healthcare Co. Ltd., Japan). Finally, the results were converted into allergenic concentrations (ng/m 3 ) in the urban atmosphere.
Results and discussions
Trend of airborne cedar pollen dispersal in Saitama city in 2014
Daily average pollen counts in Saitama city during the 2014 pollination season are shown in Figure 2 . Generally, it is considered that cedar pollen will start scattering on the Kanto plain when the integrated total value of daily maximum temperature from 1st January reaches 300°C [14] . During the 2014 study period, the integrated value of the daily maximum temperature reached 300°C at the beginning of February at each observation site. After this point, daily pollen counts increased toward the pollen dispersal peak period which was after mid-March. Fortunately, the pollen dispersal peak period was the same time as our airborne particle sampling in this study.
The monthly variation of average cedar pollen counts in Saitama city and Gunma prefecture in recent 5 years is shown in Figure 3 . It was considered that monthly airborne cedar pollen counts in 2014 were as well as in recent 5 years. The highest cedar pollen counts were observed in 2013 in the Gunma prefecture. The production of cedar pollen was related to temperature and amount of insolation in the previous summer. High temperature and long hours of sunlight will promote flower initiation which results in more cedar pollen dispersal [14, 15] . In 2012, the summer temperature and amount of insolation were +0.7°C, 110% in July, +1.4°C, 137% in August and +2.0°C, 129% in September, respectively, on the Kanto plain compared with the average values based on 30 years' data. The monthly variation of average cedar pollen counts in 2013 were influenced by these meteorological conditions. However, decreasing pollen counts in 2014 were considered as a rebound reaction of last large scattering year. This trend was shown prominently in Gunma prefecture near the mountain area located on the north side of Saitama city. Pollen dispersal peaks in hourly pollen counts could be classified as three time periods in the morning (5:00-10:00JST), the day time (10:00-18:00JST) and the night time (18:00-following 5:00JST). Monthly total peak pollen counts of three pollen dispersal types in Saitama city are shown in Figure 4 . Airborne pollen counts are affected by weather conditions such as temperature, wind, relative humidity and rainfall. It was reported that high temperature and low relative humidity promote more cedar pollen dispersal during the day time [16, 17] . In this study period, peak pollen counts in the day time were correlated positively (r=0.73, p<0.0005) with the daily maximum temperature. The pollen counts in the night time in March were the highest among dispersal peaks. Within the dispersal peaks in the morning, March was the highest pollen counts period over three months. Due to the absence of cedar pollen source in Saitama city, cedar pollen grains were transported from a mountain area on Kanto plain. the atmospheric stabilization in the evening, since atmospheric stabilization is caused by a decreasing amount of insolation and temperature. With rising temperature during the day time, cedar pollen grains were released more and taken high up into the atmosphere through convection [18, 19] . Suspended cedar pollen grains descend slowly towards ground level and are concentrated due to weak turbulence [17] . It was reported that dispersal peaks in the night time in the urban area of Kanto Plain were produced by transportation of pollen grains which were released from the mountain areas during the day time [20] . In this study period, the dispersal peaks in the night time and in the morning which were observed in Saitama city delayed 4 and 8 hours after pollen grains were released from the cedar forests as its pollen sources. Moreover, re-scattering pollen grains from the ground were promoted by increasing vehicle transportation and turbulence of convection in the morning [21] . 
Cedar pollen source contribution from each forest of Kanto plain
Due to the absence of a cedar pollen source in Saitama city, cedar pollen grains were transported from the mountain areas on Kanto plain. The backward trajectory analysis was used for calculating 72 hours of trajectories of air mass with the altitude of 500 m from the urban area of Saitama city to different areas when pollen dispersal peaks were observed. From the results of backward trajectories shown in Figure 5 , it was found that the cedar forests as its pollen sources can be contributed from 5 sampling sites such as Gunma, Kanagawa, Tochigi, Ibaraki, and Yamanashi prefectures. However, a cedar pollen source contribution of Chiba prefecture was not found in the trajectories analytical results. Pollen source contribution on the number of pollen peaks and total peak pollen counts from different sites during the 2014 sampling period from February to April are shown in Figure 6 . It was found that the northwest wind occurred mainly during the cedar pollen scattering season [22] . This prevailing wind direction resulted in the highest contribution of the forest of the Gunma prefecture among cedar pollen sources. The second highest contribution was recorded in the forest of Kanagawa prefecture. Therefore, the forest of the Gunma and Kanagawa prefectures were considered as the main cedar pollen source. It means that airborne cedar pollen observed in Saitama city was mainly transported from the forest of Gunma and Kanagawa prefectures. In contribution on number of peaks, the contribution of the forest of Yamanashi prefecture was lower than that of Tochigi prefecture. In contrast, contribution on total peak pollen counts of Yamanashi prefecture was higher than that of Tochigi prefecture. The forest densities of Kanagawa and Yamanashi prefectures are higher than those of Tochigi and Ibaraki prefectures [19] . These results were affected by the habitat density of cedar trees. Since Chiba prefecture is located in the southeast of Kanto plain besides the sea, the pollen contribution of the forest of Chiba prefecture was not observed during this study period. The monthly contribution on total peak pollen counts can be classified as three pollen dispersal types (shown in Figure 7 ). And the monthly variation of total peak pollen counts observed in Saitama city or in pollen source areas are shown in Figure 8 . The high pollen contribution of the forest of Gunma and Kanagawa prefectures was given in Figure 6 . The pollen source contribution of the forest of these prefectures was recorded in almost peak times. Though the total peak pollen counts observed in Saitama city correlated with the pollen source areas, the pollen counts were about one half of pollen source areas. This difference in the pollen counts between Saitama city and pollen source areas could be influenced by the diffusion and decreasing airborne cedar pollen. It was observed that airborne pollen grains were deposited in the night time and the re-scattering of pollen grains were promoted by increasing vehicle transportation and turbulence of convection in the morning. In the day time, pollen source contribution of the forest of Kanagawa prefecture was higher than that of Gunma prefecture during February to March. It was previously reported that airborne pollen counts were lower with northern wind than that with southern wind because of the diffusion and decreasing airborne cedar pollen grains with the distance of transportation from pollen source areas [20] .
For the effective utilization of cedar trees and decrement of pollen dispersal around the urban city, it is important to take a countermeasure against main cedar pollen sources such as Gunma prefecture and Kanagawa prefecture.
Size-segregated allergenic concentrations in Saitama city
Cedar pollinosis is mainly caused by its allergen particles such as Cry j 1. Airborne size-segregated allergenic concentrations in Saitama city are shown in Figure 9 . Allergenic concentrations observed in coarse particles above 7.0 μm are considered derived from cedar pollen grains, and particle sizes below 7.0 µm is considered as micro allergenic particles which are released from cedar pollen [23] . During 26th-27th March, the highest allergenic concentrations ) observed in fine particles below 1.1 μm at the roadside during the sampling period, with which it is possible to induce allergenic asthma. The micro allergenic particles released from cedar pollen grains were produced by rainfall and especially exposed to polluted air in this case. Cedar pollen allergen such as Cry j 1 exposed to urban polluted air can develop a very strong bimolecular interaction with the anti-Cry j 1 antibody [24] . It means that the highest allergenic concentrations in this period were caused by urban polluted air. The symptom of pollinosis appeared when cedar pollen allergenic concentrations reach about 1-3 pg/m 3 in the atmosphere [12] . Therefore, worsening asthmatic and pollinosis symptoms may occur in this period. Moreover, it was possible to transport allergenic particles from a pollen source area. The forward trajectory analysis was used for calculating 72 hours of trajectories of air mass with the altitude of 500 m from different cedar pollen source areas including the rainfall events. On 27th March, air masses were transported from Yamanashi and Kanagawa prefectures while a rainfall event was also observed.
In the latter half of the sampling period, although airborne pollen counts were at the same levels between the roadside and the 10th floor, allergenic concentrations at the roadside were lower than those on the 10th floor. It is considered that allergenic particles were derived from the outside area of Saitama city. Therefore, a forward trajectory analysis was also carried out. As a result, air masses containing pollen allergenic particles transported from different pollen sources after rainfall events were not only observed in Yamanashi and Kanagawa prefectures during 5th-10th April, but were also observed in all observation sites on Kanto Plain during 18th-24th April, 2014. 
Conclusion
In this study, we reported the airborne behavior of cedar pollen and its allergen released from the cedar forest of different prefectures located on the Kanto plain of Japan. Cedar pollen dispersal will be affected by weather conditions, habitat density of cedar trees and the distances of transportation. Cedar pollen grains transported to Saitama city were mainly derived from the Gunma prefecture located on the north side of Saitama city and Kanagawa prefecture located on the south side of the city. From the observation of hourly pollen counts, it was found that there are three types of pollen dispersal peaks in the morning, the day time and the night time. The peak pollen counts in the day time correlated positively with the daily maximum temperature. The peak pollen counts in the night time were the highest in three types of pollen dispersal peaks. It means that airborne pollen grains were transported with convection in the day time and concentrated at ground level due to weak turbulence and atmospheric stabilization in the night time. The highest airborne allergenic concentrations were determined in fine particles below 1.1 µm. It is suggested that these fine allergenic particles may easily cause allergenic asthma in the urban area of Japan. Moreover, with the help of trajectory analysis, it was suggested that not only cedar pollen grains but also allergenic particles were transported from the main pollen source area. For reducing pollinosis symptoms in the urban area of Japan, it is necessary to consider suitable city planning with the help of the effective utilization of cedar trees and decrement of pollen dispersal around the urban areas.
